the circulation and composition of the blood; they afford more varied information to the anesthetist than an examination of the pulse.
The counterpart of apncea is found in the difficult and laboured respiratory movements which constitute dyspnca. The former, as we have seen, indicates the absence of stimulation; the latter is evidence of vigorous excitation of the nervous system. Similar factors are concerned, for the effects of oxygen and carbonic acid are relative to their tensions and the excitability of the nervous system.
During running an athlete passes through a stage of hyperpncea followed by dyspncea, but if in spite of distress he continues to run at the same speed, an adjustment of the output of carbon dioxide and the intake of oxygen occurs and he obtains what he calls his "second wind." [13] In many contests the condition of the runners at the end is one of anoxmmia.
Cyanosis is a state of anoxiemia, and in its most typical form is seen in mammals immediately after birth. In such cases it is a physiological condition. The disturbance or interruption in the placental circulation has caused a fall in the oxygen and a rise in the carbonic acid of the fcetal-blood, two factors which will stimulate the respiratory centre and start the ventilation of the lungs. This form of cyanosis is well known to gyniecologists under the term "blue asphyxia," in contradistinction to "white asphyxia," a condition of anoxtemia accompanied by a failing circulation of the blood.
Sufficient examples have been given to support the contention that pathological processes are not unique but have their representation in physiology. It is now necessary to consider the evidence from the side of anesthesia. This is given by Dr. Shipway in Part II.
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Apncea during induction with chloroform may lead to syncope from direct action on the heart, if at the time that breathing is resumed a high concentration of vapour is present and the inspirations are deep. Apnca may also occur during chloroform anwesthesia, especially in feeble subjects, elderly people, and those who suffer from arteriosclerosis, if the drug be given by the open method. Cheyne-Stokes breathing may be established. It is caused chiefly by the lowering of the arterial pressure Section of Anaesthetics 13 induced by the depressant action of the drug on the heart. The respiratory centre is also depressed and the rate of flow of the blood-stream is lessened. Further, Buckmaster and Gardner [1] have shown that even during light chloroform anesthesia the oxygen capacity of the blood is reduced by 40 per cent. This action of chloroform is serious, for it increases the tendency to anoxwmia. From all these causes the tissues are starved of oxygen, but, on the other hand, it must be remembered that anesthesia in itself reduces the metabolism and therefore the tissues do not call for so much oxygen. Oxygen should not in consequence be used as a routine. If
Cheyne-Stokes breathing should arise, it can be abolished by giving oxygen or carbon dioxide; the latter can be obtained by substituting a semi-open for the open method. On physiological and anaesthetic grounds the semi-open method makes its appeal. Apncea is not often seen when chloroform is given through a tracheotomy tube, a condition in which the dead space is much diminished. The explanation appears to be that, although chloroform depresses respiration and produces anoxaemia, the intake of air is unimpeded and the supply of oxygen is adequate in relation to the rise in carbonic acid. Apucea as a complication is most likely to arise during the antesthesia produced by intratracheal insufflation, if the ventilation is excessive and carbonic acid is washed out of the lungs and blood. In a case recorded by Pembrey [2] an average ventilation of 16 litres of air per minute was sufficient to oxygenate the blood, but 30 litres per minute produced apncea for a period of two minutes; the pulse was very good and the blood-pressure was E15 mm. at the beginning of this rapid ventilation. After a minute it had fallen to 138 mm. During the period of apncea the pressure gradually rose again to 150 mm. As the tension of carbon dioxide in the blood increased, the patient commenced slow voluntary breathing. A sample of alveolar air taken when respiration recommenced showed a percentage of carbon dioxide of 6x04, which is about normal. Analyses of samples of alveolar air taken during the operation showed that the blood-pressure followed the carbon dioxide tension. It is not advisable to abolish the respiratory movements during intratracheal insufflation anesthesia, for their presence favours the exchange of gases in the lungs and maintains the action of the respiratory pump upon the circulation of the blood.
During prolonged anesthesia with gas and oxygen, in which the expired air is allowed to escape through valves, acapnia may occur. This can be abolished by instituting re-breathing, the amount being regulated to suit each case. An excessive pressure of carhon dioxide leads to sweating, flushing, hurried breathing and a falling pulse-rate, while the blood-pressure rises at first but falls later; a deficient pressure produces pallor, a cold clammy skin, feeble breathing and a quickening pulse-rate. This picture is less often seen to-day than in the past, when Hewitt's apparatus, which makes no provision for re-breathing, was used. Acapnia was not uncommon; it produced all the signs of shock, for which indeed it was mistaken. Acapnia leading to apncea was seldom seen, for lack of oxygen and the formation of lactic acid in tissues stimulated the respiratory centre. Exactly what part lack of oxvgen and excess or deficiency of carbon dioxide play in any given case it is difficult to say: the problem is so complex. Bayliss [31 found that if excess of carbon dioxide was given to cats, anesthetized by urethane, together with excess of oxygen, the first effect was a rise of blood-pressure, but this was soon followed by a fall. On removal of the excess of carbon dioxide the blood-pressure rapidly returned to normal. If there was a deficiency of oxygen, even when the carbon dioxide was absorbed by caustic soda, the blood-pressure did not fall so rapidly, but the fa,, lasted a very long time and was not recovered from for a long time after a normal supply of oxygen. There was often a permanent failure of the respiratory centre.
The danger of a reduced partial pressure of carbonic acid in the blood is increased during administration of gas and oxygen if at the same time there is a deficiency of oxygen in the inspired air. It is known that as the partial pressure of carbon dioxide is diminished the hwmoglobin holds on more tightly to the oxygen. Thus a condition may arise in which, although the blood is completely oxygenated, the patient may be suffering from anoxamia. If the percentage of oxygen in the inspired air falls during the acapnia to about 12, the respiration, which has been shallow, may become deep, for lactic acid formed in anoxaemia acts on the respiratory centre, and on the dissociation of oxyhBemoglobin, in a similar manner to carbonic acid. When morphine or scopolamine has been given, some depression of the respiratory centre exists (although atropine may have been administered at the same time); re-breathing should be instituted almost from the start and the amount increased during maintenance, in order to promote absorption of the anwsthetic. Indeed, in the absence of re-breathing, the respiratory movements may be too slow and shallow to oxygenate the blood, although the percentage of oxygen in the inspired air may be high.
Apncea seldom, if ever, arises during the administration of ether by the open method, as this method is in reality a semi-open one. Analyses [4] of the air under a mask which. was covered with two layers of domette and rested upon a pad placed on the face, ether being given by the open or vapour method, showed that the percentage of carbon dioxide was adequate to stimulate the respiratory centre, but was never excessive. The percentage ranged from 2 to 4. Hyperpncea and dyspnea are quickly produced by an excess of carbon dioxide, which may arise from re-breathing or some obstruction in the airway; in the latter case there is also a lack of oxygen. Obstruction of the airway may exist before aneesthesia. The combined effects of this lack of oxygen and excess of carbon dioxide are so serious that it has been well said that the difficulties and dangers of an.sthesia lie largely above the larynx. No one can study the details of fatalities arising during the administration of an anesthetic without being struck by the part played in their production by neglect of this truth. Falling-back of the lower jaw, retraction of the tongue, laryngeal spasm, accumulation of secretions in the respiratory tract are serious complications of anasthesia which throw an undue strain upon the nervous and cardio-vascular systems. Of all these complications the most difficult to overcome is the presence of excessive secretions. A small quantity of mucus which becomes churned up and aerated in the larynx and trachea constitutes a danger, especially if the patient's heart be feeble or dilated.
An excessive secretion in the smaller bronchial tubes is highly dangerous, and its removal presents an almost insuperable difficulty; this is clearly demonstrated by the following case, the notes of which have been given to the author with permission to publish.
A boy, aged 11, was operated upon for acute appendicitis; he looked very ill. The lungs were healthy. Atropine -1n gr. was injected half an hour before induction, which was carried out by chloroform and ether; open ether was then used. About a quarter of an hour after anwsthesia was complete, slight twitchings of the left arm and shoulder were noticed; they spread within a minute to the whole of the body, becoming so violent that the surgeon had great difficulty in closing the wound. The colour of the patient had never appeared really dusky and oxygen did not appreciably relieve the spasms. Chloroform was then given at the request of the surgeon, who thought that the condition was one of ether clonus. About 2 dr. were given, but there was no effect. The pharynx was mopped out, an intratracheal catheter was passed and a little mucus was sucked out and oxygen was given through the catheter. The spasms became less frequent and settled down into definite attacks, which came on every two or three minutes. In the intervals the boy was quiet, his respirations were shallow and at first rapid, but later they became very slow. Rigidity and spasms then started afresh, and this condition lasted for about three-quarters of an hour. The pulse failed rapidly, and in spite of stimulants and massage of the heart the boy died. At the post-mortem examination the trachea and bronchi were found to be clear, but many of the smaller bronchioles were blocked by mucus, the secretion of which had been profuse. Most of the substance of the lungs was purple and congested, but one lobe of the right lung remained pink.
In this case the cause of death appears to have been anoximia. Hewitt recorded two similar fatal cases under the term " mucus inundation." It is not generally realized that excitement and struggling during induction are often asphyxial in origin, irregular strengths of vapour giving rise to reflex phenomena, such as swallowing and breath-holding, or directly to a feeling of suffocation if such concentrations are high. It is known that by the administration of ether by the drop-method, in which is used a very dilute vapour which is very gradually increased in strength, a difficult subject can be made to pass into anaesthesia with very little excitement. Clinical experience teaches also that the free use of oxygen during induction, particularly when cyanosis pre-exists, whether due to obstruction or an affection of the lungs, largely eliminates or cuts short the so-called struggling stage.
The most interesting of the signs of lack of oxygen-interesting because its significance is often overlooked-is the onset of rigidity and clonic muscular movements, which mav be erroneously regarded as an indicatiop of light ancesthesia. It has long been known that abdominal rigidity may be due to anoxtemia and may be abolished by restoring the air-way and supplying oxygen. It is not so well known that certain clonic movements may occur during the third stage of anaesthesia, at a time, indeed, when the slackness of the eyelids and the jaws and the absence of the corneal reflex indicate that anaesthesia is deep. The most common of these are piano-playing movements of the fingers and hands, coupled sometimes with jerky adductor movements of the arms: at other times irregular movements of the shoulders and arms are observed. These athetotic phenomena are of great importance; they are due to lack of oxygen and are, therefore, more common during anesthesia with chloroform and its mixtures than with ether. A recognition of their nature is essential; less, not more, anesthetic is required and complete ventilation of the lungs must be secured. These movements are more likely to occur in men, and in anemic and feeble subjects, especially if the induction has been rapid. AnoxaTmia is shown clinically by cyanosis. There are two kinds of cyanosis. In the first, the arterial and venous pressures are raised, and there is great engorgement of the veins. The colour of the face and of the mucous membranes is blue. The right side of the heart becomes over-distended with blood, and cardiac failure may occur. The engorgement is always associated with an excess of carbon dioxide. This condition is relieved by securing free ventilation of the lungs. In the second variety of cyanosis the veins are not over-full and the colour is grey or leaden. This is the more serious condition, for the circulation is failing. It is associated with a deficiency of carbonic acid, and the indications are to give oxygen and carbon dioxide. Insufflation of oxygen through an intratracheal catheter is sometimes used to restore respiration. It must be remembered that this manoeuvre may increase the danger by blowing out carbon dioxide at a time when the tension of this gas is already low. Mouth-to-mouth insufflation is sometimes practised. It has Biblical as well as clinical and physiological support (II Kings iv, 32-35). It acts by supplying sufficient oxygen and a high percentage of carbon dioxide, and is a method of restoring respiration in desperate cases of apncea which deserves to be more widely known. [51 The question whether oxygen shall be given in uncomplicated cases has already been answered in the earlier part of this paper. It is unnecessary; indeed it is possible to give an excessive amount of anaesthetic where the colour of the patient is good owing to the abundance of the oxygen supply. The colour of the blood is an indication of its content of oxygen, but may be no guide to the activity of the tissues. Further, the use of oxygen in uncomplicated cases may tend to disguise a faulty administration.
[11 G. A. BUCKMASTER, Proc. Roy. Soc. Med., 1918, xi Gaz., 1921, xxxV, p. 73. DiScu8sion.-Mr. S. R. WILSON said that Dr. Pembrey in his nevertheless excellent paper had been rather hard on the obstetricians in belittling their efforts to establish respiration in the new-born child by slapping it. Whilst it was generally recognized that carbon dioxide was the essential respiratory hormone, yet one must still remember it was also possible to influence respiration through nervous channels. It was true that if one did nothing but wait for carbon dioxide to accumulate, respiration would eventually take place, yet the influence of respiration on circulation should not be ignored, and the establishment of a respiration played an important part in filling the heart, especially during anmesthesia. And further, Dr. Pembrey had himself been compelled to admit it, later in his paper, in describing a form of Cheyne-Stokes breathing, which, he stated, could only be neurotic in origin. He was very interested in Dr. Pembrey's remarks on analgesia in relation to forced breathing, for it had been his own practice in the case of young children requiring simple extractions of temporary teeth first to paint the gums with iodine, giving suggestions of painlessness at the same time; then to get the child to close its eyes so as to obviate fear of pain on seeing the forceps, and finally to induce the patient to take deep breaths. He found that under these conditions it was very unusual for the child to experience pain. He was entirely in agreement with the avoidance of morphine before ansesthesia, except in nitrous oxide administrations. He would like Dr. Pembrey's opinion on the periods of apncea, lasting two to three minutes, which not uncommonly occurred during the extensive modern exploratory laparotomy. As a rule, it caused no anxiety, but if the circulation were becoming affected it was his habit to administer oxygen, containing 5 per cent. carbon dioxide, to establish breathing, or in the absence of this mixture to use a modification of the Biblical method of artificial respiration, by blowing through a yard of rubber tubing into the patient's throat-tube, so utilizing the carbon dioxide in the expired air. He fully agreed with Dr. Shipway's remarLs on re-breathing, and on the dangers of obscure accumulations of mucus in the air-passages. Lastly, would Dr. Pembrey make a precise statement as to the cause of faetal apnoea ? Was it due to lowered sensitiveness of the respiratory centre, or to a diminution of the CO2 tension in the blood, or were both factors concerned ?
Mr. C. LANGTON HEWER said that he was not quite clear as to whether Dr. Pembrey considered that artificial apncea produced during endotracheal anaesthesia was detrimental to the patient or not. He had anesthetized several patients with the endotracheal gas-oxygenether method and had kept them in a state of complete apncea for a very considerable time, in some cases up to an hour, and had never seen any untoward symptoms develop. The colour, pulse-rate and systolic and diastolic blood-pressures remained the same whether the patient was breathing or not. This, he thought, was rather remarkable in view of the stress which physiologists laid on the beneficial action which the changes in intrathoracic pressure, brought about by respiration, exercised on the filling of the heart. If, however, as appeared to be the case, this artificial apnoea was not deleterious to the patient, it was of immense service to the surgeon. In thoracic surgery, the immobility of the lungs might mean that an operative procedure otherwise impossible could be accomplished with ease; and in the more familiar region of upper abdominal surgery anastomoses might be very greatly facilitated if the suture line were perfectly still.
Dr. PEMBREY (in reply) said that he did not doubt that cutaneous stimulation influenced the excitability of the nervous system, but he was nevertheless convinced that the routine practice of slapping the newly born child in order to establish respiration was no more necessary than in the case of other mammalian animals, domesticated or wild. The natural stimulus was found in the increase of carbon dioxide and the decrease of oxygen in the blood owing to the separation from the mother. If a newly born calf did not breathe of its own accord the farmer did not smack or kick its buttocks, but opened its mouth, pulled forward its tongue and blew air from his own lungs into its throat.
Prolonged apncea during anresthesia was evidence of a diminished excitability of the nervous system relative to the tension of carbon dioxide in the blood: if the heart were beating strongly there appeared to be no reason for anxiety. In fcetal apncea the essential factor appeared to be the low excitability of the nervous system; this condition of the nervous system persisted for some time after birth and was shown by the fact that the infant spent most of its titne asleep and exhibited Cheyne-Stokes respiration.
He was much interested to hear that Mr. Langton Hewer had kept patients in a state of complete apnaea for as long as one hour. During anesthesia the value of spontaneous respiratory movements was found in their indication of the activity of the nervous system; but, if the needs of the surgeon required such a long immobility of the lungs, the condition of the circulation of the blood would be a guide.
